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ABSTRACT
The computer code.FACET calculates the radiation geometric view factor . (alternatively called shape factor, angle factor, or configuration factor) between surfaces for axisymmetric, two dimensional planar and three dimensional geometries with interposed third surface obstructions. FACET was developed to calc~te view factors for input to finite element heat transfer analysis codes.
The first section of this report is a brief review of previous radiation view factor computer codes. The second section presents the defining integral equation for the geometric view factor between two surfaces and the assumptions made in its derivation. Also in this section are the numerical algorithms used to integrate this equation for the various geometries. The third section presents the algorithms used to detect self shadowing and third surface shadowing between the two surfaces for which a view factor is being calculated. The fourth section provides a user's input guide followed by several example problems.
PREVIOUS VIEW FACTOR CODES
The finite difference computer code TRUMP [1] was used for heat transfer analysis at LLNL during the 1970's. Geometric black body radiation node to node view factors were calculated using CNVUFAC. CNVUFAC was originally developed by General Dynamics [2] and subsequently modified by J.C. Oglebay from NASA -Lewis and finally by R.W. Wong [3] at LLNL. The computer code GRAY [4] was used to calculate gray body exchange factors using as input the black body view factors calculated by CNVUFAC.
From 1979, the finite element computer code TACO [5, 6] has been used for heat transfer analysis at LLNL. There are several computer codes. available to calculate view factors for finite element models. The code VIEW [7] , a -1-modified version of RAVFAC [8] , was developed to support the NASTRAN thermal analysis program. This code is presently being used at ORNL. Generation of an input deck for VIEW is very cumbersome. The code SHAPEFACTOR [9] uses the contour integr~tion technique originally developed by Mitalas and Stephenson [10] to calculate view factors for a 30 finite element mesh. SHAPEFACTOR is very inefficiently coded and does not use dynamic storage allocations •. The code GLAM [11] is adaptable to a finite element grid to calculate view factors for axisymmetric geometries with shadowing_surfaces. Generation of an input deck for GLAM is very straightforward, the.code calculates accurate view factors, and.is presently being supported. The code MONTE [12] , using a Monte Carlo method, can be used· to calculate exchange factors (i.e. script~) for specular emitting and reflecting surfaces for 20 planar geometries. I'm sure there are many other codes available and would appreciate being informed of their existance.
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DEFINING EQUATIONS AND ALGORITHMS
The view factor (l) defines the fraction of the diffusely distributed radiant energy leaving one surface "!" that arrives at a second surface "J". The symbols used are defined in Fig. 1 . A derivation of Eq. (l) can be found in [13] . The basic assumptions used in derivin~ Eq. (1) are: o the two surfaces are diffusely emitting and reflecting, o the two surfaces are black, o the two surfaces are isothermal.
As a result of these assumptions, the view factor depends only -on the geometry of the system. The derivation for radiant energy leaving surface "J" that arrives at. surface "I" leads to an equation identical to Eq. (1) except that the subscripts I and J are interchanged~ (2) By comparing Eqs. (1) and (2), the reciprocity rule emerges. Therefore, computations and computer storage are cut in half if this matrix is used.
3D GEOMETRY
Equation (1) is numerically integrated for three dimensional geometries. FACET incorporates three algorithms to perform the integration. The algorithm used for any two surfaces depends on their geometric relationship and whether third surface obstructions exist. The three algorithms are: The computational scheme, Eq. (4), is referred to as double area summation.
-4- (4) 2. The area integrals in Eq. (1) can be transformed to line integrals by using Stokes' theorem [13] . The result is v .
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Mitalas and Stephenson [10] present a method by which one of the integrals in Eq. (3) can be integrated analytically. If the surfaces I and J are quadrilaterals, the result is
where S, T, U, ~, and w are functions of v and
The symbols are defined in Fig. 2 . Dividing each of the four line segments CP into n finite straight line segments ~j:j=l,2, ••• ,n , Eq. (7) may be approximated by 4 4 t t
FIG. 2. This sketch illustrates the symbols used in Mitalas and
Stephenson's contour integration method, Eqs. (7) and (8), to calculate the view factor FIJ· The computational schemes represented by Eqs. (4), (6) , and (9) will subsequently be referred to as the area integration method (AI), line integration method (LI), and the Mitalas and Stephenson method (MS), respectively. In the code FACET, the LI method is used to calculate the view factor between two disjoint surfaces. If the two surfaces have an adjoint edge, then the MS method is used. The AI method is used if there is self or third surface shadowing. The criteria for this selection is discussed in [14] .
The surfaces between which view factors ate being calculated are plane quadrilaterals. Methods LI and MS require a subdivision of the contour of the quadrilateral while method AI requires a subdivision of the surface area. Dividing each of the four line segments forming the quadrilateral into n divisions results in a total of 4n nodes around the contour and n 2 nodes for the surface area. The user is required to input a value for n. The calculated view factor by all three methods becomes more accurate as n is increased. However, computation time also increases with increasing n. A -6- compromise between the desired view factor accuracy and available computer time must be re·ached in selecting an n value. NUMBER OF DIVISIONS PER EDGE 9 10 FIG. 3. An Operation cpunt shpwed that 114n4 + 86n2 and 464n2 + 24n operations are required for the AI and LI methods, respectively. The LI method is faster than the AI method for n>2.
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DIRECTLY OPPOSED. 1 X 1 SQUARES In 20 planar geometries, the view factor between two surfaces can be calculated using Hottel's [15] cross string method. Consider the two surfaces 1 and 2 ( Fig. 8) which extend indefinitely in the direction normal to the plane of the paper. In this two dimensional representation, the surface areas are proportional to the segment lengths. The view factor is Two methods are used to calculate view factors for axisymmetric geometries. The method used depends on whether shadowing is present between the two surfaces for which a view factor is being calculated.
In the_absence of shadowing, the view factor between two surfaces can be calculated by view factor algebra using the view factors between parallel coaxial discs. The view factor between two coaxial parallel discs is
1 (11) where:
Consider the axisymmetric geometry shown in Fig. 9 . Surfaces 3, 4, 5 and 6 are imaginary surfaces. The derviation of the view factor A 1 F 12 between the two lateral surfaces 1 and 2 is as follows. The radiant energy leaving surface 1 that passes through surface 5 must also pass through surfaces 2 and 6. Therefore,· (12) and upon rearranging By substituting Eqs •. (14) and (15) In the presence of self or third surface shadowing, the geometry must be represented in three dimensions before the view factors can be calculated. The line segments representing the surfaces in the r-z plane are rotated 180° forming n three dimensional quadrilaterals in x, y, z space for each line segment. The view factor between two axisymmetrical sections is
where Fij can be calculated by using either of Eqs. (4), (6) , or (9) . The symbols are def?ned in Fig. 10 . The factor of 4 in Eq. (17) is a result of using only a 180° rotation. Due to symmetry, a full 360° rotation of the r-z plane is not required. 
SHADOWING ALGORITHMS
3D GEOMETRY
Three types of shadowing may exist between two surfaces. There may be total self shadowing, partial self shadowing, and third surface shadowing. Total or partial self shadowing can be detected between two surfaces by looking at the angles SI and SJ (Fig. 1) . If cos SI > 0 and cos SJ > O, then the two surfaces can "see" each other. This is equivalent to verifying that Third surface shadowing can be detected by determining if a line connecting the centroids of the two,surfaces for which a view factor is being calculated intersects other enclosure surfaces. The accuracy of this detection scheme can be improved if the lines connecting the corner points of the quadrilaterals are also checked for intersection with other enclosure surfaces. Unless those surfaces that can be shadowing surfaces are flagged on input to the computer code, all enclosure surfaces must be checked for each pair of surfaces for which a view factor is being calculated. This is a ve.ry time consuming operation.
The view factor can be calculated by the AI method, Eq. (4), when partial self shadowing or third surface shadowing exists. The two surfaces, Fig. 11 , for which a view factor is being calculated are divided into n finite subsurfaces. Contributions to the summation in Eq. (4) are not included for -15-intersects a shadowing surface. For the configuration in Fig. 12 , the view factor FIJ approaches the analytical value of 0.115621 as the number of subsurfaces are increased.
PLANAR GEOMETRY
Consider the surfaces in Fig. 13 which extend indefinitely in the direction normal to the plane of the paper. In this two dimensional representation, the surface areas are proportional to the line segment lengths. Partial or total self shadowing between two surfaces can be detected by using Eqs. (18). It is necessary to verify these dot product inequalities for all vectors r connecting the four end points between the two surfaces, a total of 4 r. If Eqs. (18) are not satisfied for all rij:i=l,2;j=l,2! then there is total self shadowing. If Eqs. (18) are satisfied for some ri .,
. J then there is partial self shadowing. Figure 13 shows surfaces oriented for no shadowing, partial self shadowing, and total self shadowing. · Third surface shadowing can be detected by determining if a line connecting the centroids of the two surfaces for which a view factor is being calculated intersects other enclosure surfaces •. The accuracy of this detection scheme can be improved if the lines connecting the end points of the line segment surfaces are also checked for intersection with other enclosure surfaces. Unless those surfaces that can be shadowing surfaces are flagged on input to the computer code, all enclosure surfaces must be checked for each pair of surfaces for which a view factor is being calculated. This is a very time consuming operation. The view factor can be calculated by Hottel's cross string method, Eq. (10), when partial or third surface shadowing exists. The two surfaces, Fig. 14, for which a view factor is being calculated are divided into n finite subsurfaces. The view factor between the two s·urfaces is The plot file containing the geometry data can be viewed using TAURUS [16] . Appendix A describes the viewfile data base.
-19- Node point cards must be in ascending order if data is to be generated between eards. When data is missing, node numbers are generated according to the sequence where Ni and Nj are the node·numbers on two consecutive cards and INC is read from the Ni card. Linear interpolation is used to calculate the coordinates of the generated nodes. If INC is zero or blank, no nodes are generated. The number of node point data cards plus the number of node points generated must equal the total number of points specified on the second control card. When surfaces are generated, the surface numbers are incremented by one following the first number in the sequence and the node numbers are incremented according to
INPUT FILE DESCRIPTION
The number of surface data cards p'lus the number of surfaces generated mu5t equal the total number of surf1=1ces specified on the s~cond control card. In the code, each surface specified in this section is checked for obstructing the view between every pair of surfaces for which a view factor is being calculated. This is a very time consuming operation. The computation time may be prohibitive if all enclosure surfaces are flagged as possible obstructing surfaces. The user should make an effort, especially on problems with more than 100 surfaces, to identify only t~e shadowing surfaces.
-23-
EXAMPLE PROBLEMS
3D GEOMETRY
The enclosure is a cubic cavity with an internal shield, Fig. 15 . Figure  16 is the input de.ck. Note that the shield must be given a finite thickness and cannot be represented by a zero thickness plane. It is assumed that radiation transfer to the edges of the shield is negligible and, therefore, the edge surfaces are not defined in the input deck. Figure 17 is the calculated view factor matrix. The enclosure is a rectangular cavity with two shields, Fig. 18 . Figure  19 is the input deck. Note that the shields must be given a finite thickness and cannot be represented by a single line segment. Figure 20 is 
